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A Challenge for Southwestern Pennsylvania 
American regions have historically developed in concert with their natural terrain, 
features and resources.  The economic vitality of a region was often created by its 
proximity to plentiful natural resources such as water, woodlands and farmland.  
However over the past forty years, the economic focus of many American cities has 
shifted from industrial production to health or financial-based concerns.  This shift has 
also altered the manner with which a region utilizes its natural resources.  While these 
resources are no longer the fuel of economic engines, they often define the region’s 
character and attractiveness.  This new role has reinforced the importance for 
economically vital regions to have access to clean and abundant water supplies, 
affordable energy and a high quality of life. 
 

Pittsburgh and the southwestern 
corner of Pennsylvania provide an 
illustration of how a region can 
leverage its natural resources, or 
natural infrastructure, to enhance 
economic vitality.  The region’s 
industrial-age legacy and its 
population losses have left its 
remaining 2.6 million residents with 
numerous infrastructure issues such 
as $3 billion of EPA-mandated sewer 
improvements, the loss of prime 
farmlands and woodlands as well as 
the impact of abandoned coal mines.  
These issues, when combined with the 
region’s large area (6,000 square 
miles in size) and its fractured 
government structure (9 counties and 
528 municipalities), have made solving 
macro-scale regional problems 
political and economic challenges. 

 
A group of southwestern Pennsylvania leaders are attempting to address some of these 
issues through a process that is participatory, holistic, science-based and, most 
importantly, regional in scale and scope.  The Southwestern Pennsylvania Commission 
(SPC), the Pennsylvania Department of Conservation and Natural Resources (PA 
DCNR), the Pennsylvania Environmental Council (PEC) and The Heinz Endowments 
have formed a partnership to identify, evaluate and initiate discussion on the use of the 
region’s natural infrastructure.  A Technical Team of regional planners, landscape 
architects, civil engineers, GIS experts, economists, ecologists, hydro-geologists and 
archeologists support this partnership and are expected to complete the first phase of 
the Natural Infrastructure Project by the Spring of 2004. 



Regional Natural Infrastructure - A Southwestern Pennsylvania Planning Initiative 
 
Natural Rather than Green 
While several regions in the United States have launched green infrastructure initiatives 
or have developed green infrastructure plans, the Natural Infrastructure Project differs 
dramatically from these previous efforts.  The term green infrastructure has become 
synonymous with green space or open space and is often linked with recreational 
planning efforts.  Natural infrastructure, as defined herein, encompasses a broader 
definition.  Natural infrastructure takes a comprehensive view of all uses of our natural 
world and attempts to strike a balance between ecology, cultural heritage, human use 
and economics.  Consequently, the term natural infrastructure includes traditional green 
infrastructure uses such as trails, agriculture, forestry, hunting, camping and fishing – 
but it also encompasses natural resources such as coal mining, aggregate extraction, 
pubic water supply, landfills and other public services. 
 
 
A Comprehensive Approach 
The Natural Infrastructure Project consists of three major work components and a multi-
faceted public participation process.  The components include: 

 
1. Competitive Benchmarking 
 
2. Natural Infrastructure Analyses 
 
3. Conflict Analysis and Resolution 
 

A comprehensive participatory process has been developed to obtain a diverse range of 
perspectives and input regarding the use and value of natural infrastructure.  The 
participatory process consists of: 
 

• A Steering Committee, with representatives from each county, that guides the 
Project’s direction and decisions. 

 
• County-based technical advisory groups including professional practitioners such 

as county staff members, state agency representatives and other government-
based technical specialists. 

 
• A series of county-based community meetings that are used to obtain public 

insights regarding each county’s specific natural infrastructure data. 
 

• Periodic briefings held with County Commissioners that are designed to build on 
SPC’s role in the region as the metropolitan planning organization and to 
empower the Project through County Commissioner involvement. 
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Competitive Benchmarking:  Natural Infrastructure’s Role in 
Economic Vitality 
In order to identify economically vital regions that had significant natural infrastructure 
planning activity, the Technical Team analyzed 59 American and Canadian metropolitan 
areas.  To measure economic vitality, the Team created an index of population growth, 
job formation and gross national product; to measure natural infrastructure quality, the 
Team created an index of natural infrastructure resources, publicly accessible land and 
climatic conditions.  The indices pointed to three outstanding areas or benchmarks: 
Raleigh-Durham-Chapel Hill (the Research Triangle), Minneapolis-St. Paul and Boston.  
The Technical Team then interviewed local experts in these regions to provide 
qualitative perspectives on natural infrastructure within the region. 

 
1. Just as the quality of natural resources and amenities differs between regions, 

their relative importance related to job creation and resident attraction also 
varies.  The Research Triangle believes that the quality of its natural 
infrastructure is directly tied to the attraction of residents and talent.  Minneapolis-
St. Paul and Boston feel that natural infrastructure plays a lesser role.  However, 
the experts in all three regions agree that natural amenities are an important 
factor in retaining residents and talent.  In other words, rivers and trails alone 
may not necessarily bring new residents to a region, but they do help keep 
current residents from leaving. 

 
2. Each of the benchmark regions are 

suffering from shortages in critical natural 
infrastructure resources such as water, 
aggregates for construction and 
agricultural land.  These shortages have 
limited the ability of the regions (or 
portions thereof) to sustain economic 
vitality and population growth.  Most 
importantly, the regions are being forced 
to respond to their crises in a reactive 
rather than proactive manner.  
Consequently, the solutions that have 
been proposed are more costly and less 
effective in the long-term. 

Minnesota’s St. Croix River is 
considered one of the finest 
fly fishing rivers in the world.  
Because of suburban growth, 
portions of the river currently 
suffer from the over 
withdrawal of water for 
municipal use.  This over 
withdrawal has lowered water 
levels, has reduced fish 
habitat and is impacting the 
local tourism economy. 

 
3. Southwestern Pennsylvania has a unique opportunity to leverage the Natural 

Infrastructure Project into one of the ultimate competitive advantages for a 
region.  This Project will allow the Southwestern Pennsylvania region to: 

 

• Help ensure that the region does not suffer from a shortage of natural 
infrastructure resources. 

 

• Create efficiency and affluency by reducing costly grey infrastructure 
solutions and by maximizing the economic value of readily available natural 
infrastructure resources. 

 

• Optimize the use of the region’s precious natural infrastructure resources. 
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Natural Infrastructure Analyses:  
Identifying Our Natural Infrastructure 
Resources 
A geographic information system (GIS) has 
been the principal tool used to identify, map and 
analyze the Southwestern Pennsylvania 
region’s natural infrastructure resources.  SPC’s 
GIS database, prior to the initiation of the 
Natural Infrastructure Project, contained more 
than 50 unique layers.  This data, however, 
addressed only about 40% of the region’s 
natural infrastructure and required supplemental 
data. 
 
Two methods were used to expand SPC’s GIS 
data.  The first method focused on factual data 
that is made available by government agencies 
such as the Pennsylvania Department of 
Environmental Protection (PA DEP), the US 
Geological Survey (USGS), the US Department 
of Energy (US DOE) and the US Department of 
Agriculture (USDA).  Examples of this data 
include the USDA’s STATSGO soils database 
and digital topography compiled by the USGS. 
 
The second method of expanding the SPC GIS 
database created derived data based on the 
use of the region’s various natural infrastructure 
resources.  The derived data models the 
location of approximately thirty natural 
infrastructure uses and has been created 
through a series of specialized GIS analyses.  
The specialized analyses are based on the 
general physical and environmental 
characteristics of each natural infrastructure use 
as well as the basic attribute information that is 
available in the original GIS database and the 
supplemental data.  The analyses allow the Technical Team and the Steering 
Committee to determine the land most suitable for each natural infrastructures use.  As 
a result of the Natural Infrastructure Analyses, the SPC GIS database has been 
increased by more than 125 layers and includes nearly 500 new attributes.  Much of the 
new data has been distributed to the county planning agencies and is being used in the 
preparation of several current county comprehensive planning efforts. 

Natural Infrastructure Uses 
 
Public Services 

• Groundwater Recharge Areas 
• Stormwater Infiltration Areas 
• Ground Water Supply 
• Surface Water Supply 
• River Water Supply 
• On-site Septic Soils 
• Constructed Wetlands 
• Landfills 
• Transportation 
 

Products 
• Agriculture 
• Forestry 
• Aggregate Extraction 
• Coal Reserves 
• Oil/Natural Gas Reserves 
• Solar Energy Production 
• Hydro-electric Energy Production 
• Wind Power Production 
 

Habitat 
• Biological Diversity Areas 
• Brook Trout Habitat 
• Warm Water Gamefish Habitat 
 

Human Use 
• Trails 
• Hunting 
• Primitive and Vehicular Camping 
• Motorboating and Sailing 
• White-water/Flat-water Canoeing, 

Kayaking and Rafting 
• Downhill Skiiing 
• Cultural Resources 
• Aerial Sports 
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The following is an example of a specialized GIS analysis and modeling process.  The 
illustration below depicts lands suitable for landfills.   The illustration was created with 
ESRI’s ArcGIS 8.2 and Spatial Analyst software and is based on the PA DEP general 

regulatory requirements for landfills.  
Soils, geology, topography, hydrology 
and land coverage layers were divided 
into a grid of 6,000,000 1-acre squares.  
The suitability of each square for use 
as a landfill was determined through a 
series of GIS queries that: 
 

1. Identify suitable physiographic 
features such as land cover, 
slopes and geology; 

 
2. Eliminate proximity to rivers, 

streams, lakes, wetlands, 
floodplains and schools; and 

 
3. Evaluate environmental 

constraints such as depth to 
bedrock and depth to water 
table. 

 
The lands suitable for landfills, illustrated by the areas shaded red, are the product of 
the query process.  Plotting the location of the region’s existing landfill facilities shows 
that each landfill falls within the shaded areas, validating the integrity of the modeling 
process.  One of the region’s landfills has been recently decommissioned because of its 
long history of environmental violations and impacts.  Appropriately, this facility is 
located outside of the shaded areas. 
 
 
Conflict Analysis and Resolution:  Weighing the Conflicts 
As a result of the region’s natural infrastructure analyses, more than 780 unique 
relationships between the various natural infrastructure uses have been defined.  Of 
these relationships, it has been determined that 75% can co-exist or co-habitat within 
the same geographic area.  The remaining 25% are in conflict with one another and 
cannot co-exist simultaneously.  One example of such a conflict is the relationship 
between surface water supply and landfills.  When these two particular uses are found 
to be suitable in the same geographic area, only one can be used while the other is lost. 
 
Moreover, each use identified in the natural infrastructure analysis has a different 
reserve capacity or life span.  Some natural infrastructure uses, such as agriculture or 
ground water supply are renewable and therefore can be used in perpetuity with proper 
management.  Other uses, such as coal mining, are non-renewable and have finite life 
spans.  To estimate these life spans, the Technical Team assessed the reserve 
capacity of each use.  In the case of landfills, for instance, the Technical Team divided 
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the amount of land suitable for landfills (as identified by the modeling process) by the 
region’s current rate of landfill consumption to obtain the number of years to depletion.  
The resulting estimate, around 3,400 years, indicates that landfills are an abundant 
natural infrastructure use. 
 
Equipped with an understanding of conflicts and the physical and economic capacity of 
each natural infrastructure use, the Technical Team has completed a first pass at 
formulating a resolution strategy.  The initial strategy weighs or balances the importance 
of natural infrastructure uses based on their significance and abundance.  This balance 
reflects the region’s values as well as lessons gleaned from the competitive benchmark 
regions. 
 
The conflict matrix outlined below summarizes the Technical Team’s initial resolution 
strategy.  A white square indicates a relationship without conflict between 2 natural 
infrastructure uses.  A grey square indicates a relationship where the primary natural 
infrastructure use takes precedence in a conflict; a black square indicates a relationship 
where the primary natural infrastructure use is precluded in a conflict. 
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Let’s return to the land suitable for landfills 
example for a demonstration of the resolution 
strategy.  The intent of the conflict matrix is to 
document and resolve potential conflicts between 
uses.  For example, the column for landfills 
(shown at right) defines two sets of conflicts.  The 
first set consists of 6 conflicts where landfills do 
not take precedence (indicated by a black 
square) and are therefore precluded. 
 
The second set of conflicts focuses on 5 different 
natural infrastructure uses.  In this set of conflicts, 
landfills take precedence (as indicated by a grey 
square) and outweigh the other uses in terms of 
importance because the reserve capacity for 
landfills has been greatly reduced by the 
resolution of the first set of conflicts.  After all 
conflicts have been addressed and the reserve 
capacity for landfills has been adjusted, the 
region still has more than 600 years of capacity 
available. 
 
The landfill example demonstrates the dynamic 
nature of the resolution strategy.  The example 
illustrates how the importance of a natural 
infrastructure use can be weighed relative to its 
own reserve capacity as well as to the reserve 
capacity of other natural infrastructure uses.  
Through this process, a resolution strategy can be formulated and a practical balance 
can be struck between all conflicting natural infrastructure uses. 

 
The structure of the resolution 
strategy provides a natural 
infrastructure planning tool that 
can be adjusted for use at any 
scale or can be utilized within 
any region.  The tool can be 
easily customized for use at a 
regional, county, municipal or 
site-specific level.  Moreover, 
the tool can be modified to 
incorporate data at varying 
levels of specificity.  This allows 
regional-scale information to be 
integrated with site-specific 
information. 

 
   Reserve Capacity - Years to Depletion* 
 
                            Pre-                    Post- 
         Natural                     Conflict   Conflict 
Infrastructure Use  Analysis Analysis       
Forestry  71 years 61 years 
Coal Production 121 years 80 years 
Water Supply – Surface Renewable  Renewable 
Water Supply – River Renewable Renewable  
Landfills 3,451 years 603 years 
Wind Energy Production Renewable Renewable 
Aggregate Extraction 3,413 years 450 years 
 
*Based on the region’s current rates of consumption 
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Finally, the resolution strategy provides a process for potential mitigation measures to 
be identified.  These measures, when employed, can eliminate or minimize a conflicting 
relationship without any natural infrastructure use being lost or precluded.  Mitigation 
measures such as riparian buffer preservation, development setbacks, impervious 
surface regulations can be incorporated into the resolution strategy in order to allow 
both conflicting uses to co-exist simultaneously without harming the other use. 
 
Conclusion 
While the strength and vitality of a region has historically been measured by its 
economic growth and the abundance of its industries, the paradigm of economic vitality 
has shifted over the past 20 to 30 years.  Economically vital regions such as the 
Research Triangle, Minneapolis-St. Paul and Boston, have discovered that in order to 
provide for and to retain business and residents, a region must possess clean and 
abundant water resources, affordable energy, available construction materials, unique 
cultural resources and substantial natural amenities.  These assets ultimately create a 
competitive edge by elevating a region’s quality of life and its economic vitality. 
 
Although many regions comprehensively plan 
transportation networks or sanitary sewer 
improvements, very few regions plan for the use 
of natural infrastructure in a comprehensive or 
proactive manner.  Narrowly defined efforts, 
such as open space plans or greenway plans, 
can miss the broad synergies and conflicts that 
often exist between natural infrastructure uses. 
 
The Natural Infrastructure Project for 
Southwestern Pennsylvania is an attempt to 
establish a new direction in regional planning 
and to stimulate economic vitality.  The Project 
provides the region with a unique opportunity to 
identify key natural infrastructure uses and to 
define a balanced approach for the 
preservation, conservation and consumption of 
those uses.  The Project provides a forum for 
the region’s residents, business enterprises and 
political leaders to discuss issues and to define values.  Through this dialogue, the 
region will be able to establish the ultimate competitive advantage by minimizing 
conflicts between natural infrastructure uses and by maximizing the availability of critical 
resources. 

In response to Boston’s on-
going water crisis and 
escalating water treatment 
costs, the U.S. Army Corps of 
Engineers purchased land 
surrounding the headwaters 
of the Charles River.  The 
Boston initiative, modeled 
after New York City’s 
purchase of the Catskill 
Mountains, has not been as 
effective because it was 
completed in the mid-1970’s 
after large portions of the 
watershed had already been 
developed. 

 
 
 
Jack R. Scholl, AICP, AIA is the Senior Principal of Environmental Planning and Design, LLC. 
Andrew JG Schwartz, AICP, RLA is a Principal of Environmental Planning and Design, LLC. 

 
Environmental Planning and Design is regional planning and landscape architectural firm located in Pittsburgh, PA. 
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